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(54) Aircraft seat apparatus 

(57) An aircraft seat apparatus installed in a cabin 
of an aircraft includes a seat portion (15), a slide mech- 
anism (33), bulkheads (13), and. a seat portion driving 
unit (60). The seat portion is movable in a back-and-forth 
direction. The slide mechanism supports the seat por- 
tion to be movable in the back-and-forth direction. The 
bulkheads support the slide mechanism to form a space 
under the seat portion together with the seat portion, and 
are fixed to a cabin floor member. The seat portion driv- 
ing unit is arranged under the seat portion to move it in 
the back-and-forth direction. 
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Description 

Background of the Invention 

[0001] The present invention relates to a seat appa- 
ratus installed in the cabin of an aircraft. 
[0002] As a seat apparatus (to be referred to as a seat 
as well hereinafter) of this type installed in an aircraft 
cabin, a reclining seat, the tilt angle of which can be 
changed by inclining the backrest backward, is gener- 
ally used. 

[0003] Recently, for example, a seat disclosed in Jap- 
anese Patent Laid-Open No. 8-258796 is proposed as 
a seat for the first-class section. 
[0004] In order to allow the passenger to have spare 
room and to make him feel comfortable, this seat can 
take three states, i.e., a state wherein the backrest is 
substantially upright (actually slightly inclined back- 
ward) (normal state), a state wherein the backrest is 
shifted forward from this state so that it is inclined back- 
ward by a predetermined angle (reclining state), and a 
state wherein the backrest is further largely inclined to 
be set in the substantially horizontal state (bed state). 
[0005] Thus, a seat which serves as a reclining seat 
as well as a bed is formed. This seat has a backshell 
covering the rear side and two sides of the seat to pro- 
tect the passenger's privacy. 

[0006] To incline the backrest from the substantially 
upright normal state to the reclining state and finally to 
the substantially horizontal bed state, two structures® 
and ©are available. According to structure® the seat 
portion is largely moved forward and simultaneously the 
backrest is moved forward in the interlocked manner to 
set the seat surface of the seat portion and the backrest 
surface of the backrest in one substantially horizontal 
surface. According to structure® the seat portion is not 
moved forward but merely the backrest is inclined to be 
finally set in the bed state through the reclining state. 
[0007] With structure ® the seat portion largely 
moves forward in the bed state, and accordingly a large 
space is needed in front of the seat. 
[0008] With struct ure@as well, the backrest is largely 
inclined backward, and accordingly a large space is 
needed behind the seat, making a back-seat passenger 
feel uncomfortable. 

[0009] Therefore, either structure suffers large restric- 
tion when installing the seat. 

[0010] In terms of human engineering, with structure 
® when the seat portion moves forward to be set in the 
reclining state, a space tends to be formed between the 
hip and the backrest and the passenger's backbone 
tends to be bent, making the passenger feel uncomfort- 
able. 

[0011] With structure® the backrest is largely in- 
clined backward from the reclining state. The passen- 
ger's head is thus lowered to make him feel uncomfort- 
able. 

[0012] If the seat portion is moved forward after the 



backrest is set in the reclining state and the backrest in 
the reclining state is inclined, while being moved for- 
ward, in interlocked manner, to be set in the substantially 
horizontal state, stability during motion can be im- 
5 proved. 

[001 3] When the seat portion is to be moved, if its di- 
rection (angle) is changed and the seat portion is tilted 
about the hip (thighs) as the center of rotation, stability 
during motion can be further improved. 

w [001 4] In one of conventional aircraft seats which em- 
ploys structure® legs having casters are provided to a 
seat portion, or a trolley (Japanese Patent Laid-Open 
No. 8-258796) is provided to a seat portion. The seat 
portion is pulled forward together with the legs or trolley. 

'5 [0015] As described above, in the conventional seat, 
particularly a seat whose seat portion can move forward 
and backward, legs having casters, or a trolley is pro- 
vided to the seat portion, and the seat portion is pulled 
out forward integrally with the legs or trolley. 

20 [001 6] If legs having casters or a trolley is provided to 
the seat portion, a sufficiently large space cannot be en- 
sured under the seat portion. 
[0017] Therefore, it is difficult to ensure, under the 
seat portion, a mounting space where driving units for 

25 driving the seat portion, the backrest, the legrest, and 
the like are to be mounted, and the driving units and driv- 
en members must be connected to each other through 
complicated links and the like. 
[0018] This imposes large restriction on the driving 

30 units themselves and how to mount the driving units. 
Moreover, rails for the casters must be formed, increas- 
ing the number of components and the number of as- 
sembling steps. 

[001 9] Also, a countermeasure must be taken so the 
35 legs or trolley will not damage the floor surface or the 
carpet extended on the floor. 

Summary of the Invention 

40 [0020] The present invention has been made in order 
to solve these problems, and has as its object to provide 
an aircraft seat apparatus in which a sufficiently large 
space can be formed under the seat portion, driving 
units have simple structures and can be easily mounted 

45 in the space under the seat portion, and the seat portion 
can be moved without damaging the floor surface or the 
carpet extended on the floor. 

[0021] In order to achieve the above object, according 
to the present invention, there is provided an aircraft 

so seat apparatus installed in a cabin of an aircraft, com- 
prising a seat portion movable in a back-and-forth direc- 
tion, a slide mechanism supporting the seat portion to 
be movable in the back-and-forth direction, a leg mem- 
ber supporting the slide mechanism to form a space un- 

55 der the seat portion together with the seat portion and 
fixed to a cabin floor member, and a seat portion driving 
unit arranged under the seat portion to move the seat 
portion in the back-and-forth direction. 



Patent provided by Sughrue Wlon, PLLC - http://www.sughrue.com 



3 



EP 0 957 025 A2 



4 



Brief Description of the Drawings 
[0022] 

Fig. 1 is a plan view showing the first-class section 
of an aircraft where a seat apparatus according to 
the present invention is installed; 
Fig. 2 is a partially cutaway perspective view show- 
ing the outer appearance of the seat apparatus 
seen from the front in the obliquely left direction; 
Fig. 3 is a perspective view showing the outer ap- 
pearance of the seat apparatus seen from behind 
in the obliquely right direction; 
Fig. 4 is a plan view of the seat apparatus; 
Fig. 5 is an exploded perspective view of the main 
constituent members of the seat apparatus; 
Fig. 6 is a view showing a seat portion, a backrest, 
a legrest, a footrest, and driving units in the normal 
state; 

Fig. 7 is a view showing the seat portion, backrest, 
legrest, footrest, and driving units in the reclining 
state; 

Fig. 8 is a view showing the seat portion, backrest, 
legrest, footrest, and driving units in the bed state; 
Figs. 9A to 9D are explanatory views showing op- 
eration of a slide mechanism; 
Figs. 1 0A and 1 0B are sectional and plan views, re- 
spectively, showing the slide mechanism; 
Fig. 11 isaview showingthe state of thelegrestand 
drawing mechanism in the normal state; 
Fig. 12 is a view showing the state of the legrest 
and drawing mechanism in the reclining state; 
Fig. 13 is a view showing the state of the legrest 
and drawing mechanism in the bed state; 
Fig. 14 is a side view of the drawing mechanism; 
Fig. 1 5 is a block diagram showing the control sys- 
tem of the seat apparatus according to the present 
invention; 

Fig. 16 is a sequence chart showing the state and 
control operation of the seat apparatus; 
Fig. 17 is a flow chart showing how to set the seat 
from the normal state to the reclining state; and 
Fig. 18 is a flow chart showing how to set the seat 
from the reclining state to the bed state. 

Description of the Preferred Embodiment 

[0023] The present invention will be described in de- 
tail by way of an embodiment shown in the accompany- 
ing drawings. 

[0024] Fig. 1 shows the first-class section of an air- 
craft where a seat apparatus according to the present 
invention is installed, Fig. 2 shows one seat apparatus 
seen from the front in the obliquely left direction, Fig. 3 
shows the seat apparatus seen from behind in the ob- 
liquely right direction, Fig. 4 also shows the seat appa- 
ratus, and Fig. 5 shows the main constituent members 
of the seat apparatus. 



[0025] Fig. 6 shows a seat portion, a backrest, a 
legrest, a footrest, and driving units in the normal state, 
Fig. 7 shows the seat portion, the backrest, legrest, foot- 
rest, and driving units in the reclining state, and Fig. 8 
s shows the seat portion, backrest, legrest, footrest, and 
driving units in the bed state. 

[0026] Figs. 9A to 9D show operation of a slide mech- 
anism, in which Figs. 9A and 9B show the reclining state, 
and Figs. 9C and 9D show the bed state. 
10 [0027] Figs. 1 0A and 1 0B show the slide mechanism. 
[0028] This embodiment exemplifies a case wherein 
the present invention is applied to a single seat, serving 
also as a bed, which is developed for an aircraft first- 
class section. 

15 [0029] This embodiment employs structure G) de- 
scribed above, i.e., the structure in which the seat por- 
tion and the backrest are moved forward to be set in the 
bed state. 

[0030] This seat apparatus also has a backshell cov- 
20 ering the rear side and two sides of the seat to protect 
the passenger's privacy. 

[0031] Referring to Fig. 1, a plurality of seats 3 are 
arranged in a cabin 2 of the first-class section of an air- 
craft 1 along a fuselage wall 1 A at predetermined inter- 
25 vals in the back-and-forth direction. 

[0032] These seats 3 are installed to be directed in- 
ward in the aircraft 1, i.e., obliquely with respect to the 
center line of the fuselage so as to be directed to the 
nose when the passengers are seated. 
30 [0033] The seats 3 are arranged in the staggered 
manner, and each seat has a side console 5 on its one 
side. 

[0034] The side consoles 5 are arranged in the stag- 
gered manner so that they are located inside and out- 
35 side the seats 3 alternately. 

[0035] Accordingly, a front- row seat 3 is located in 
front of each side console 5, and a rear-row seat 3 is 
located immediately behind each side console 5. 
[0036] The seats 3 and side consoles 5 are arranged 
40 in this staggered manner so that, when the seat 3 is set 
in the bed state and the passenger lies down stretching 
his legs, the passenger can place his legs on part of a 
footrest 1 30 (to be described later) and in a storage sec- 
tion 6 in the side console 5 located in front of him from 
45 behind. With this arrangement, the distance between 
the front and rear seats can be relatively decreased. 
[0037] The side console 5 will be described later. Re- 
ferring mainly to Figs. 5 to 8, the seat 3 is fixed to seat 
tracks 10 installed on the floor surface of the cabin 2 
so through two pipes 11 (11a, 11b) so that it is detachable 
and adjustable in the back-and-forth direction. 
[0038] Accordingly, when the pipes 11 are removed 
from the seat tracks 10, the seat 3 can be exchanged 
together with the side console 5. 
55 [0039] As shown in Fig. 1 , the seat tracks 10 consti- 
tuting the cabin floor member are installed to be parallel 
to each other at a predetermined gap in the right-and- 
left direction, so that they are located under the seats 3 
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and side consoles 5. The seat tracks 10 extend in the 
longitudinal direction of the fuselage. 
[0040] The two pipes 11 are formed of an extruded 
member of an aluminum alloy or the like, and are fixed 
to the floor surface through fixing metal fixtures 1 2 to 
substantially perpendicularly intersect the seat tracks 1 0 
and to be slightly separate from the floor surface. 
[0041] The two pipes 11 and the fixing metal fixtures 

12 (mounting means) constitute a position adjusting 
means for adjusting the mount position of bulkheads 1 3 
in a direction intersecting the extending direction of the 
seat tracks 10. 

[0042] The pair of right and left bulkheads 1 3 (side 
support members) constituting the leg members of the 
seat 3 are fixed to the two pipes 11 to oppose the seat 
tracks 10. 

[0043] Although pipes having circular sections are 
used as the pipes 11, the present invention is not limited 
to them, and pipes having other appropriate shapes can 
be used. 

[0044] The pair of bulkheads 1 3 are formed of an alu- 
minum alloy or the like into right and left plates symmet- 
ric to each other. The bulkheads 13 constitute the leg 
members of a seat portion 1 5 and are used as the frame 
members of right and left armrests 16 to constitute the 
strength member of the seat 3. 
[0045] More specifically, the bulkheads 13 are fixed 
to the pipes 11 and hold the seat portion 15 to be mov- 
able in the back-and-forth direction, so that they serve 
as the legs of the seat portion 1 5. 
[0046] As the leg members, other than the plates such 
as the bulkheads 1 3 described above, a frame member 
formed of columnar members such as pipes may be 
used. Any member can be used as far as it is a side 
support member, i.e., a member extending in front of 
and behind the seat portion 15 to support a slide mech- 
anism 38. 

[0047] The bulkheads 13 are covered with an inner 
panel unit 18 and a side panel unit 1 9. The outer side of 
each of the inner and side panel units 1 8 and 1 9 is cov- 
ered with a front cover 20, a rear cover 21, an outside 
panel 22, and an inside panel 23. An arm cap 24 (see 
Fig. 5) is attached to the upper surface of each bulkhead 
13. The armrests 16 are thus formed. 
[0048] Each armrest 16 is incorporated with a drawa- 
ble table 25, an ashtray 26, and the like. 
[0049] Fitting holes 30 are formed in the lower end 
portions of the front and rear end sides of the bulkheads 

13 to extend in the direction of thickness. The pipes 11 
are fitted in the corresponding fitting holes 30 laterally 
and firmly fixed with mounting metal fixtures 31 , so that 
the two pipes 11 and bulkheads 13 are integrally con- 
nected to each other. 

[0050] The seat portion 1 5 has a pair of right and left 
slide frames 33, and a seat main body 34 set on the slide 
frames 33. 

[0051] The pair of slide frames 33 are connected to 
each other at their upper end sides through upper and 



lower connection rods 36. The lower end of the backrest 
70 (to be described later) is pivotally, axially mounted 
on the rear end sides of the slide frames 33. 
[0052] A plurality of connection plates 37 are mounted 
5 on the connection rods 36 at appropriate gaps from each 
other in the axial direction. 

[0053] The pair of slide frames 33 are arranged out- 
side the bulkheads 1 3 to oppose them to be parallel to 
them, and are supported to be movable back and forth 

io by the slide mechanism 38 (to be described later). 
[0054] The seat main body 34 is constituted by a bot- 
tom frame 40, a cushion 41 placed on the bottom frame 
40, a cloth 42 covering the cushion 41 , and the like. 
[0055] The bottom frame 40 is formed into a flat plate. 

15 The lower surface of the front end portion of the bottom 
frame 40 is supported by the upper surfaces of the con- 
nection rods 36, and a rotatable rolling element 44 (en- 
gaging means), e.g., a roller, is provided to the rear end 
side of the bottom frame 40. 

20 [0056] The rolling element 44 is slidably inserted in 
guide grooves 43 (guide means) formed in the inner sur- 
faces, along the upper edge portions, of the bulkheads 
13. In the normal state wherein the backrest 70 is sub- 
stantially upright, the rolling element 44 is located in the 

2S rear terminal end portions of the guide grooves 43. 
When the seat portion 1 5 is pulled forward together with 
the backrest 70, the rolling element 44 moves to the front 
terminal end portions of the guide grooves 43 along a 
predetermined locus (to be described later). 

30 [0057] The front half of each guide groove 43 is arcu- 
ated in a convex manner to draw an upward moderate 
curve, and the rear half thereof is arcuated in a convex 
manner to draw a downward moderate curve. Thus, 
each guide groove 43 is formed into substantially an S 

35 shape as a whole. 

[0058] When the backrest 70 is to be shifted from the 
reclining state to the substantially horizontal bed state, 
in the initial state of this shift, this S shape makes the 
rear end of the seat main body 34 to be lower than the 

40 height in the normal state, in order to incline the seat 
main body 34 with respect to the floor surface. When 
the backrest 70 becomes near the bed state, it is re- 
stored to the initial height to be substantially parallel to 
the floor surface. 

45 [0059] In this manner, when the seat main body 34 is 
to be moved, if its angle (direction) is changed, it can be 
tilted about the passenger's hip as the center of rotation, 
so that it can be inclined smoothly without making the 
passenger feel uncomfortable. 

so [0060] As shown in Figs. 9A to 9D and Figs. 1 0A and 
10B, the slide mechanism 38 of the seat portion 15 is 
constituted by two guide members 51 , two sliders 53, 
an intermediate slider 54, and the like. The guide mem- 
bers 51 are mounted on the upper portion of the outer 

55 surface of each bulkhead 13 through a base plate 50. 
The sliders 53 are mounted on the inner surface of each 
slide frame 33 through a base plate 52. The intermediate 
slider 54 is interposed between the guide member 51 
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and slider 53. 

[0061] The guide member 51 is formed into a plate 
and integrally has semicircularly arcuated ball receiving 
portions 51 a which oppose each other, at its upper and 
lower end portions, so that it has a longitudinally elon- 
gated C sectional shape. 

[0062] The slider 53 is formed to have the same shape 
as that of the guide member 51. Hence, the slider 53 
has a longitudinally elongated C sectional shape and in- 
tegrally has semicircularly arcuated ball receiving por- 
tions 53a, which oppose each other, at its upperand low- 
er end portions. 

[0063] The ball receiving portions 51 a and 53a of the 
guide members 51 and sliders 53 are formed such that 
the outer and inner surfaces of each one of the portions 
51a and 53a form a convex curved surface and a con- 
cave curved surface, respectively. 
[0064] The intermediate slider 54 is constituted by a 
plate 56, ball receiving members 57, a plurality of balls 
55, holders 58, reinforcing plates 59, and the like. The 
ball receiving members 57 are fixed in upper and lower 
rows on the two surfaces of the plate 56. The holders 
58, together with the ball receiving members 57, rotat- 
ably hold the balls 55. The reinforcing plates 59 are fixed 
to the two surfaces of the plate 56. 
[0065] Ball receiving portions 57a are integrally 
formed on the upper and lower end portions of each ball 
receiving member 57. Each ball receiving portion 57a is 
arcuated to have the same radius of curvature as that 
of the ball receiving portions 51a and 53a of the guide 
members 51 and sliders 53. 

[0066] Each ball receiving portion 57a is formed such 
that its outer and inner surfaces form concave and con- 
vex curved surfaces, respectively. The ball receiving 
portion 57a, together with the baij receiving portion 51a 
or 53a of the guide member 51 or slider 53, forms a cy- 
lindrical space for rotatably accommodating the corre- 
sponding ball 55. 

[0067] Each holder 58 is formed of a thin metal plate, 
and is screwed to the corresponding reinforcing plate 
59 with a fixing metal fixture (not shown) not to be in 
contact with the ball receiving member 57. 
[0068] A substantially horizontal bent portion 58a is 
formed at each of the upper and lower end portions of 
each holder 58, to be inserted between the ball receiving 
portion 51a and 57a or between the ball receiving por- 
tion 53a and 57a. A plurality of holes where the balls 55 
are to be inserted are formed in the bent portion 58a at 
a predetermined interval in the longitudinal direction of 
the holder 58. 

[0069] As shown in Figs. 9A to 9D, when the slide 
mechanism 38 slidably supports the seat portion 15, the 
intermediate sliders 54 move forward along the guide 
members 51 , and the sliders 53 move forward along the 
intermediate sliders 54. Therefore, when the backrest 
70 is to be inclined to be set in the substantially horizon- 
tal bed state, the seat portion 15 can be largely pulled 
forward. 



[0070] Since the seat portion 1 5 need not be support- 
ed by legs having casters or a trolley, no rails for casters 
need be mounted, and the space under the seat portion 
1 5 can be utilized effectively. 

5 [0071] Therefore, a seat portion driving unit .60, a 
legrest driving unit 120, and the like (to be described 
later) can have a simple structure, to reduce the number 
of components and the number of assembling steps" 
[0072] These driving units can be mounted easily. 

io [0073] Since the seat portion 1 5 is held by the slide 
mechanism 38, it is not in contact with the floor surface. 
Even if the seat portion 1 5 moves, it does not damage 
the floor surface or the carpet extended on the floor. . 
[0074] Referring to Figs. 5 to 8 and Figs. 9A to 9D, the 

15 seat portion driving unit 60 and legrest driving unit 1 20 
are disposed in the space under the seat portion 15. 
[0075] In particular, the seat portion driving unit 60 is 
provided at a position separate from the cabin floor sur- 
face (seat tracks 10) and adjacent to the slide mecha- 

20 nism 38. Thus, the driving force is efficiently transmitted 
to the slide frames 33. 

[0076] The seat portion driving unit 60 has a drive mo- 
tor 61 , an output rod 62 which can move back and forth, 
and a reduction gear mechanism (not shown) which re- 
2S duces rotation of the drive motor 61 and transmits it to 
the output rod 62. 

[0077] The front end side of the drive motor 61 is ax- 
ially supported by the upper end portion of a support le- 
ver 64 through a connection pin 65 to be vertically piv- 
30 otal, while the rear end side thereof is not supported at 
all. 

[0078] Therefore, the output rod 62 moves back and 
forth with respect to the connection pin 65 as a torque 
supply point. 

35 [0079] When the torque supply point is located in front 
of the space under the seat portion 1 5 to be adjacent to 
the portion under the slide mechanism 38 in this manner, 
the driving force of the drive motor 61 is efficiently trans- 
mitted to the slide frames 33. 

40 [0080] The support lever 64 is attached to a bracket 
63 provided to a front one (pipe 11a) of the pair of pipes 
11. 

[0081] The output rod 62 is constituted by a screw rod. 
The front end of the output rod 62 is pivotally, axially 

4S mounted on the lower end of one plate 37a, among the 
plurality of connection plates 37 mounted on the con- 
nection rods 36, through a connection pin 39. 
[0082] As shown in Fig. 6, the plate 37a is formed into 
the shape of an irregular rhombus, and its three por- 

50 tions, i.e. , its front and rear ends and lower end, are used 
as connecting portions. 

[0083] The reduction gear mechanism of the seat por- 
tion driving unit 60 has a driven gear meshed with the 
output rod 62, and moves the output rod 62 back and 
55 forth in the axial direction without rotating it. 

[0084] As the driven gear, a gear having a screw hole 

and external teeth may be used. 

[0085] When the drive motor 61 is driven to move the 
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output rod 62 forward, the plate 37a is pushed forward, 
and the slide frames 33 move forward along the slide 
mechanism 38. 

[0086] Accordingly, the seat main body 34 moves for- 
ward together with the slide frames 33, so that the seat s 
portion 15 is pulled out in front of the bulkheads 13. At 
this time, the rolling element 44 moves forward along 
the guide grooves 43 of the bulkheads 1 3. 
[0087] The backrest 70 has a pair of right and left 
frames 73, a back seat 74 provided between the frames 
73, a headrest 75, and the like. 
[0088] Each frame 73 is formed of a V-shaped plate 
when seen from the side surface. A connecting metal 
fixture 76 fixed to the two sides of the lower end portion 
of the frame 73 is axially mounted on the rear end of the 
corresponding slide frame 33 through a connection pin 
77, so that it can be inclined in the back-and-forth direc- 
tion. 

[0089] Portions of the rear surfaces of the frames 73 
close to the lower end portions are connected to the bot- 
tom frame 40 through two links 78 and 79. Portions of 
the frames 73 above the links 78 and 79 are supported 
by frames 91, that form the reinforcing member of a 
backshell 90 (to be described later), through a rolling 
element 80 and guide grooves 83. 
[0090] The connection pin 77 is axially supported by 
triangular projections 33a projecting from the upper sur- 
faces of the rear end portions of the slide frames 33. 
[0091] The rolling element 80 is mounted at the top 
portions of triangular brackets 84 mounted on the rear 
surfaces of the frames 73, and is rotatably inserted in 
the guide grooves 83 formed in the frames 91 . 
[0092] The backshell 90 is provided behind the back- 
rest 70 to protect privacy of the passenger using the seat 
3 and to ensure safety of the crew and passengers walk- 
ing the aisle. The backshell 90 is constituted by the pair 
of frames 91 , a plurality of connection members 92 con- 
necting the frames 91 , a backshell cover 93 mounted 
on the frames 91 to cover the rear side and two sides of 
the backrest 70, and the like. 

[0093] The lower end portions of the pair of frames 91 
are located between the pair of bulkheads 13. The 
frames 91 are axially supported by a pivot shaft 95 to 
be able to incline in the back-and-forth direction. Usual- 
ly, the frames 91 are held inclined backward by about 
40° , as shown in Fig. 6. 

[0094] The guide grooves 83 are linearly formed in the 
inner surfaces of the frames 91 , respectively, along the 
upper edges. 

[0095] In the normal state wherein the backrest 70 is 
held substantially upright, the rolling element 80 is lo- 
cated at the upper terminal end portions of the guide 
grooves 83, as shown in Fig. 6. 
[0096] When the backshell 90 is inclined backward by 
a predetermined angle from this state by a backshell 
driving unit 100 (to be described later), the backrest 70 
is also inclined in the interlocked manner to be set in the 
reclining state (Fig. 7). When the backshell 90 is further 



inclined largely in the interlocked manner to the forward 
movement of the seat portion 15, the backrest 70 sinks 
to be held in the substantially horizontal state (Fig. 8). 
[0097] At this time, as the rolling element 80 moves 
forward along the guide grooves 83, the backrest 70 is 
pushed out to sink forward while being inclined back- 
ward. 

[0098] When the backrest 70 is inclined backward by 
the largest angle to be set in the substantially horizontal 
state, the rolling element 80 moves to the lower terminal 
end portions of the guide grooves 83. 
[0099] The backshell driving unit 1 00 has a drive mo- 
tor 101, an output rod 102 which can move back and 
forth, and a reduction gear mechanism (not shown) for 
reducing rotation of the drive motor 101 and transmitting 
it to the output rod 102. The backshell driving unit 100 
is mounted in a space between the connection members 
92 and the rear one (pipe 11b) of the pair of pipes 11. 
[0100] The lower end of the drive motor 101 is pivot- 
ally connected to a bracket 104 mounted on the pipe 
11b through a connection pin 105. 
[0101] The output rod 102 is formed of a screw rod, 
and its upper end engages with the connection mem- 
bers 92 from below through a metal fixture 106 having 
a concave shape when seen from the side surface. 
[0102] In the normal state, the output rod 1 02 projects 
upward for the maximum distance to support the back- 
shell 90 in the substantially upright state. From this 
state, the output rod 1 02 is pulled downward by the driv- 
ing operation of the drive motor 101 . 
[0103] Hence, the backshell 90 is inclined backward 
by a predetermined angle by its own weight and the 
weight of the backrest 70 about the pivot shaft 95 as the 
pivot center, and is stopped at a position indicated by 
an alternate long and two short dashed line in Figs. 7 
and 8, i.e. , at the reclining position. 
[01 04] As in the reduction gear mechanism of the seat 
portion driving unit 60, the reduction gear mechanism of 
the backshell driving unit 1 00 has a driven gear meshed 
with the output rod 102, and moves the output rod 102 
back and forth in the axial direction without rotating it. 
[0105] The backshell 90 is designed to have such a 
height that the following conditions are satisfied. Name- 
ly, when the backshell 90 is inclined to the reclining po- 
sition, the height of the backshell cover 93 should not 
largely change but should be slightly lower than the up- 
per surface of the backrest 70 in the substantially upright 
state and the reclining state. Also, when the backrest 70 
is set in the substantially horizontal bed state, the back- 
shell 90 should be higher than the upper surface of the 
backrest 70, as shown in Fig. 8. 
[0106] Since the backrest 70 is inclined backward and 
moved forward, when the backshell 90 is inclined, its 
backward moving amount is small. 
[0107] In this manner, if the height of the backshell 90 
is held substantially constant regardless of the state of 
the seat 3, when the crew or passengers walk the cabin 
aisle, they can walk while touching the backshell 90 with 
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a natural posture. Even if the fuselage pitches or rolls, 
the crew or passengers will not fall down. 
[0108] While the seat 3 is in the normal state or re- 
clined state, the backshell 90 is merely located behind 
the backrest 70. Therefore, the passenger will not feel 
blocked or isolated. 

[0109] In particular, when the backrest 70 is set in the 
substantially horizontal bed state, the backshell 90 cov- 
ers the rear side and two sides of the backrest 70. When 
the passenger lies down, he will be less seen by other 
passengers, so that his privacy is protected. 
[0110] The moving amount of the backshell 90, when 
the backshell 90 is being inclined, is small, so the back- 
seat passenger will not feel uncomfortable. 
[0111] A legrest 110 is attached under the front end 
portion of the seat portion 15. The legrest 110 is consti- 
tuted by a U-shaped frame 111 which opens upward, a 
legrest main body 112 covering the frame 111 , and the 
like. 

[01 12] The two end portions of the frame 1 1 1 are piv- 
otally, axially supported by the front end portions of the 
pair of slide frames 33 through connection pins 114. 
[01 1 3] The legrest main body 1 1 2 is formed into a box- 
like shape a lower surface of which opens when the 
legrest main body 1 1 2 hangs down. A cushion is formed 
on the upper surface of the legrest main body 112. The 
legrest main body 112 stores a footrest 1 30 and constit- 
uent members partly constituting a drawing mechanism 
140 (to be described later) which projects and retracts 
the footrest 1 30 in the interlocked manner to the legrest 
110. 

[0114] The legrest 110 is located under the front end 
portion of the seat portion 15 as it is usually held in the 
substantially vertical state (hanging state). 
[0115] When switching the seat 3 to the reclining 
state, the legrest 1 10 is pivoted upward by a legrest driv- 
ing unit 120 and held in a state where it is inclined by 
substantially the same angle as the backrest 70, as 
shown in Fig. 7. When it is switched to the bed state, the 
legrest 110 pivots further upward, as shown in Fig. 8, to 
be held in the substantially horizontal state, thus forming 
substantially one surface together with the seat portion 
15 and backrest 70. 

[0116] In the bed state, the backrest 70, seat portion 
15, legrest 110, and footrest 130 are not parallel to the 
floor surface, but form a bed surface inclined forward by 
about 3° or more. 

[0117] While the aircraft performs normal cruising, the 
nose of the fuselage is kept lifted by about 3°. If the bed 
surface is inclined in the above manner, the passenger 
can lie such that his head is located to be higher than 
his legs. 

[0118] The legrest driving unit 120 has a drive motor 
1 21 , an output rod 1 22 which can move back and forth, 
and a reduction gear mechanism (not shown) for reduc- 
ing rotation of the drive motor 121 and transmitting it to 
the output rod 122. The legrest driving unit 120 is dis- 
posed, together with the seat portion driving unit 60, in 



a space between the lower surface of the seat portion 
15 and the pipes 11. 

[011 9] The front end of the drive motor 1 2 1 is pivotally 
connected to the rear end of the plate 37a, mounted on 

s the connection rods 36, through a connection pin 123, 
while the rear end side thereof is not supported. 
[0120] The output rod 122 is formed of a screw rod, 
and has a front end pivotally connected to the rear sur- 
face of the legrest 110 through a connection pin 1 25. In 

*o the normal state, the output rod 122 is held in a state 
wherein it is retracted backward by the maximum length, 
as shown in Fig. 6. 

[0121] In this state, when the drive motor 121 per- 
forms driving operation to move the output rod 1 22 tor- 
's ward, the legrest 1 1 0 is pushed from behind to gradually 
pivot upward about the connection pins 114 as the pivot 
center. 

[0122] Thus, the output rod 122 projects forward by 
the maximum distance to be set in the substantially hor- 
20 jzontal state, so that it becomes substantially flush with 
the seat portion 15 (Fig. 8). 

[0123] In the same manner as the reduction gear 
mechanism of the seat portion driving unit 60, the re- 
duction gear mechanism of the legrest driving unit 120 
25 has a driven gear meshed with the output rod 1 22. This 
driven gear moves the output rod 122 back and forth 
without rotating it. 

[01 24] The legrest 1 1 0 provided to the footrest 1 30 wi II 
be described with reference to Figs. 11 to 14. 

30 [0125] Fig. 1 1 shows the legrest and drawing mecha- 
nism in the normal state, Fig. 12 shows the legrest and 
drawing mechanism in the reclining state, Fig. 1 3 shows 
the legrest and drawing mechanism in the bed state, and 
Fig. 14 shows the drawing mechanism. 

35 [0126] The footrest 130 has a plate-like main body 
131 accommodated in the legrest main body 112 of the 
legrest 110, as shown in Figs. 6 to 8 and Figs. 11 to 14, 
to be able to be freely drawn from it. 
[0127] The main body 131 has sliders 133 that slide 

40 along guide rails 132 formed in the legrest main body 
112. 

[0128] The drawing mechanism 140 of the footrest 
130 has a drive arm 141 formed on the rear surface of 
the legrest 110, and a relay link 142 incorporated in the 

45 legrest main body 1 1 2. 

[01 29] The upper end of the drive arm 1 41 is pivotally 
connected to the front end-side corner portion of the 
connection plate 37a through a connection pin 143. 
[0130] The connection pin 143 is usually located un- 

50 der the pivot center (centers of the connection pins 1 1 4) 
of the frame 111. When the footrest 1 30 pivots from the 
hanging state to be set in the horizontal state, the con- 
nection pin 143 moves backward relative to the legrest 
main body 112, as shown in Fig. 7. 

55 [0131] The relay link 142 is pivotally disposed in the 
legrest main body 112. One end 142a of the relay link 
142 is connected to a lower end 141a of the drive arm 
141 through an elongated hole 145 and a pin 146, and 
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the other end 142b thereof is connected to the main 
body 131 through a connection pin 147. 
[01 32] The connection pin 1 47 projects from the main 
body 131, extends through an elongated hole 148 
formed in the other end 142b of the relay link 142, and 
is slidably inserted in a longitudinal groove 149 formed 
in the inner surface of the legrest main body 112. 
[0133] While the legrest main body 112 hangs, the 
drive arm 141 is held in the substantially hanging state, 
as shown in Fig. 6, and its lower end 141a is held at the 
lowest position, as shown in Fig. 11 . 
[0134] In the state shown in Fig. 11, the relay link 142 
is inclined toward the upper right. 
[0135] In this state, when the legrest main body 112 
pivots upward, the drive arm 1 41 also pivots and its low- 
er end 141a moves to the pivot fulcrum side of the 
legrest main body 112. 

[0136] Therefore, the relay link 142 pivots clockwise, 
as shown in Fig. 1 3, to push the main body 1 31 forward 
in front of the legrest main body 112. 
[0137] Referring to Figs. 2 and 3, the side console 5 
has a console main body 151 formed into a substantially 
box-like shape having an upper surface slightly higher 
than the upper surfaces of the armrests 1 6. The console 
main body 151 is fixed to an extension 11 A (Fig. 4) ex- 
tending from one end of each pipe 11 through a mount- 
ing metal fixture (not shown), so that it is integrally con- 
nected to the seat 3. 

[0138] The interior of the console main body 151 is 

open backward to form the storage section 6. 

[01 39] The storage section 6 is used by the back-seat 

passenger to insert his luggage such as a bag or to place 

part of the footrest 1 30 and his legs while he lies to take 

sleep. 

[01 40] A storage section 1 52 is formed under the stor- 
age section 6 to store shoes or the like. 
[0141] A TV monitor 153, a control panel 154, and a 
reading light 1 55 are provided to the upper surface side 
of the console main body 151 . 
[0142] The control panel 154 has various types of 
control switches for actuating the driving units 60, 100, 
and 120 described above and for turning on/off the TV 
monitor 153, the reading light 155, and the like. 
[0143] A screen 157 vertically extends from the rear 
end portion of the upper surface of the console main 
body 151 to block the view from behind for the purpose 
of protecting the passenger's privacy. 
[0144] Operation of the seat described above will be 
described with reference to Figs. 15 to 18. 
[0145] Fig. 15 shows the control system of the seat 
apparatus according to the present invention, Fig. 16 
shows the state and control operation of the seat appa- 
ratus, Fig. 17 shows how to set the seat from the normal 
state to the reclining state, and Fig. 1 8 shows how to set 
the seat from the reclining state to the bed state. 
[0146] As shown in Fig. 1 5, the control system of the 
seat apparatus is constituted by a power supply unit 320 
and a control box 310. The power supply unit 320 gen- 



erates power, which is to be used by the respective por- 
tions of the control system, from the aircraft power sup- 
plied from the aircraft, and outputs it. The control box 
310 controls the respective driving units on the basis of 

5 an operation signal from the control panel 1 54 of the side 
console 5 or detection signals from various types of sen- 
sors provided to the respective driving units. 
[0147] The power supply unit 320 has an AC/DC.coh- 
verter 321 and a DC/DC converter 322. The AC/DC con- 

10 verter 321 converts the aircraft power (AC) supplied 
from the aircraft into a DC current and outputs driving 
power having a comparatively high voltage. The DC/DC 
converter 322 converts this driving power into circuit op- 
erating power having a comparatively low voltage. 

75 [0148] The control box 310 has control circuits for 
controlling the backshell driving unit 100, legrest driving 
unit 120, and seat portion driving unit 60. 
[0149] As the control circuits, a signal input unit 31 3, 
a controller 311, a driver 312, and a signal output unit 

20 31 4 are arranged. The signal input unit 31 3 receives the 
operation signal from the control panel 1 54 and the de- 
tection signals from the sensors of the driving units. The 
controller 31 1 controls the respective driving units on the 
basis of these signals and controls display of the control 

25 panel 154. The driver 312 controls supply of the driving 
power to the respective driving units on the basis of a 
control signal from the controller 311 . The signal output 
unit 314 outputs a display signal for controlling display 
of the control panel 154 on the basis of a control signal 

30 from the controller 31 1 . 

[0150] The control panel 154 has a signal converter 
331 and a DC/DC converter 332, in addition to switches 
for detecting operation of the user and display portions 
(e.g., LEDs)for indicating the operation state. The signal 

35 converter 331 converts signals from these switches into 
operation signals and outputs them to the control box 
310, and converts a display signal from the control box 
310 to control the respective display portions. The DC/ 
DC converter 332 generates control power for operating 

40 the signal converter 331 from the circuit power from the 
power supply unit 320. 

[0151] As the power of the display portions, the circuit 
power from the power supply unit 320 is used. 
[0152] Each driving circuit has a driving motor for 

45 moving an output rod back and forth, and a sensor (po- 
sition detection switch) which operates in accordance 
with the position of the output rod. 
[0153] Although not shown, a safety mechanism, e. 
g., an overcurrent protection circuit, a temperature fuse, 

50 or furthermore a limiter switch, is provided. The limiter 
switch blocks driving power to the respective driving mo- 
tors upon reception of a detection output from a specific 
sensor among the respective sensors. 
[0154] In particular, the backshell driving unit 1 00 has 

55 a sensor UPRIGHT and a sensor RECLINE as sensors 
for detecting the position of the rod 102. 
[0155] As shown in Fig. 16, the sensor UPRIGHT de- 
tects that the output rod 102 has moved forward by al- 
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most the maximum distance (MAX position). It is deter- 
mined from this detection result that the seat is in the 
normal state. 

[0156] The sensor RECLINE detects that the output 
rod 102 has moved backward by almost the maximum 
distance (Ml N position). It is determined from this detec- 
tion result that the inclining operation of the backshell 
90 is complete. 

[0157] The legrest driving unit 120 has a sensor 
SEAT, a sensor RELAX, and a sensor BED. 
[0158] The sensor SEAT detects that the output rod 
122 has moved backward by almost the maximum dis- 
tance (MIN position). It is determined from this detection 
result that the seat is in the normal state. 
[0159] The sensor RELAX detects that the output rod 
122 has moved forward to the intermediate position. It 
is determined from this detection result that the seat is 
in the reclining state. 

[0160] The sensor BED detects that the output rod 
1 22 has moved forward by the maximum distance (MAX 
position). It is determined from this detection result that 
the legrest 110 has moved upward to almost the hori- 
zontal position. 

[0161] The seat portion driving unit 60 has a sensor 
STOW and a sensor EXTEND. 
[0162] The sensor STOW detects that the output rod 
62 has moved backward by almost the maximum dis- 
tance (MIN position). It is determined from this detection 
result that the legrest 110 has moved upward to almost 
the horizontal position. 

[0163] The sensor EXTEND detects that the output 
rod 62 has moved forward by almost the maximum dis- 
tance (MAX position). It is determined from this detec- 
tion result that the seat is in the bed state. 
[01 64] As shown in Fig. 1 5, the detection signals from 
these sensors are input to the controller 31 1 through the 
signal input unit 313. The controller 311 performs a de- 
termination process in a software manner to recognize 
the state of the seat. The controller 311 then outputs a 
control signal to the driver 31 2 to instruct the driving mo- 
tor of each driving unit to perform forward rotation or re- 
verse rotation, or to stop. 

[0165] The driver 312 controls output of the driving 
power from the power supply unit 320 on the basis of 
this control signal. The driving motors of the respective 
driving units are thus controlled to perform forward ro- 
tation or backward rotation, or to stop. 
[0166] Operation performed when the seat 3 is to be 
shifted from the normal state to the reclining state will 
be described with reference to Fig. 17. 
[0167] When the seat 3 is in the normal state (step 
200), the backrest 70 and backshell 90 are held in the 
substantially upright state, as shown in Fig. 6. 
[0168] The legrest 110 is held in the hanging state, 
and the foot rest 1 30 is completely accommodated in the 
legrest 110. 

[0169] To switch the seat 3 from this normal state to 
the reclining state, mode selection is performed, and a 



relax switch provided to the control panel 1 54 is operat- 
ed to actuate the drive motor 1 01 of the backshell driving 
unit 100 (step 201). 

[0170] This pulls down the output rod 102, so that the 

s frames 91 are gradually inclined backward about the 
pivot shaft 95 as the pivot center. 
[0171] Hence, the backshell 90 is shifted from the 
state indicated by an alternate long and two dashed line 
in Fig. 6 to the reclining state indicated by an alternate 

10 long and two dashed line in Fig. 7 wherein it is inclined 
backward by a predetermined angle. 
[0172] At this time, the backrest 70 is inclined back- 
ward in the interlocked manner to the backshell 90, so 
that it is also set in the reclining state. 

is [0173] More specifically, when the frames 91 of the 
backshell 90 pivot backward about the pivot shaft 95 as 
the pivot center, the frames 73 of the backrest 70 are 
inclined about the connection pin 77 about the pivot 
center, and the rolling element 80 moves obliquely 

20 downward and forward along the guide grooves 83 of 
the frames 91. 

[0174] As a result, the backrest 70 is inclined back- 
ward by a predetermined angle to be set in the reclining 
state. 

25 [0175] In this manner, the switching operation of the 
seat 3 from the normal state to the reclining state is per- 
formed by inclining the backrest 70 backward by the pre- 
determined angle with the backshell driving unit 100 
through the backshell 90. 

30 [0176] The drive motor 121 of the legrest driving unit 
1 20 is also driven so that the output rod 1 22 pushes the 
legrest 110 forward. Hence, the legrest 110 pivots up- 
ward about the connection pins 114 as the pivot center 
to be inclined by a predetermined angle. 

35 [01 77] When the legrest 1 1 0 pivots, the drive arm 1 41 
pulls one end 142a of the relay link 142 backward, and 
accordingly the other end 142b of the relay link 142 piv- 
ots clockwise about the pin 147 as the pivot center, as 
shown in Fig. 12. 

40 [0178] The pin 147 moves toward the front end side 
of the legrest 110 along the elongated groove 149. 
[0179] As a result, the footrest 130 projects forward 
from the legrest 11 0 by a predetermined amount, so that 
the seat 3 is set in the reclining state (step 203). 

45 [0180] Since the seat portion driving unit 60 does not 
perform driving operation, the seat portion 1 5 and back- 
rest 70 do not move forward. 
[0181] To restore the seat 3 from the reclining state to 
the substantially upright normal state, mode selection 

50 may be performed and the backshell driving unit 1 00 is 
driven, so that the output rod 1 02 is moved upward to 
push up the frames 91 , thereby setting the backrest 70 
upright. 

[0182] At this time, the legrest driving unit 1 20 is also 
55 driven. 

[0183] Therefore, the legrest 110 is pulled down to be 
restored to the initial hanging state, and the footrest 1 30 
is accommodated in the legrest 110 by the drawing 
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mechanism 140. 

[0184] Fig. 1 8 shows how to shift the seat 3 from the 
reclining state to the bed state. To shift the seat 3 from 
the reclining state (step 203) shown in Fig. 7 to the bed 
state shown in Fig. 8, the bed switch of the control panel 
154 is operated (step 204). 

[0185] When the bed switch is operated, the iegrest 
driving unit 120 is actuated first to pivot the Iegrest 110 
further upward from the inclined state, to set it in the 
substantially horizontal state shown in Fig. 8. The 
Iegrest 110 thus becomes substantially flush with the 
seat portion 15. 

[0186] At this time, the footrest 130 is further pulled 
out from the Iegrest 1 1 0 by the drawing mechanism 1 40, 
to project in front of the Iegrest 110 (step 205). 
[0187] Then, the seat portion driving unit 60 performs 
driving operation to move the seat portion 15 forward 
(step 206). 

[01 88] At this time, the slide frames 33 are moved for- 
ward linearly by the slide mechanism 38 shown in Fig. 
10. 

[01 89] Meanwhile, since the rolling element 44 moves 
along the S-shaped guide grooves 43 of the bulkheads 
13, as described above, the seat main body 34 moves 
forward in the first half of the motion stroke while chang- 
ing its direction. When the seat main body 34 has moved 
forward by a predetermined distance, it is restored in the 
initial substantially horizontal state. 
[0190] When the seat portion 15 moves forward, the 
backrest 70 is dragged by the seat portion 15 to move 
forward, and is simultaneously inclined backward by the 
maximum angle, so that it is set in the substantially hor- 
izontal state. 

[0191] In other words, since the backrest 70 is con- 
nected to the slide frames 33 through the connection pin 
77, as the seat portion 15 moves forward, it moves for- 
ward together with the slide frames 33. 
[01 92] Since the rolling element 80 moves downward 
along the guide grooves 83, the backrest 70 is inclined 
backward about the connection pin 77 as the pivot cent- 
er. 

[0193] As a result, the backrest 70, seat portion 15, 
Iegrest 1 1 0, and footrest 1 30 become substantially flush 
with each other and set in the bed state (step 207). 
[0194] To switch the reclining state to the bed state, 
the seat portion 1 5, and the Iegrest 1 1 0 and footrest 1 30 
operate with a time lag. 

[0195] More specifically, after the Iegrest 110 and 

footrest 130 are set in the substantially horizontal state, 

the seat portion 15 is moved forward. 

[0196] When the seat portion 1 5, and the Iegrest 110 

and footrest 1 30 operate with a time lag in this manner, 

even if luggage or the like is present on the floor surface 

in front of the Iegrest 110, it does not interfere with the 

motion of the Iegrest 110 or footrest 130, and the seat 

3 can be reliably set in the bed state. 

[0197] To restore the bed state to the reclining state, 

mode selection may be performed and the bed switch 



described above may be operated. 
[0198] At this time, the drive motor 61 performs driving 
operation first, in the opposite manner to that described 
above, to move the output rod 62 backward. The seat 

5 portion 15 thus moves backward to restore the. initial 
normal position, and the backrest 70 moves backward 
interlocked with the seat portion 1 5. 
[0199] The backshell driving unit 100 also performs 
driving operation to pivot the backrest 70 through the 

10 frames 91 , to set it in the reclining state. 

[0200] Subsequently, the Iegrest driving unit 120 per- 
forms driving operation to pivot the Iegrest 110 down- 
ward by a predetermined angle. The footrest 1 30 moves 
backward interlocked with the Iegrest 110, and is ac- 

15 commodated substantially half in the Iegrest 110. 
[0201] More specifically, when the Iegrest 110 pivots 
downward from the substantially horizontal state, the 
drive arm 141 moves forward relative to the Iegrest 110 
from the state shown in Fig. 13, to push one end 142a 

20 of the relay link 142 forward. The relay link 142 thus piv- 
ots counterclockwise in Fig. 1 3 to move the connection 
pin 1 47 to the left along the longitudinal groove 149, so 
that the footrest 1 30 is moved backward. 
[0202] As a result, the footrest 1 30 is accommodated 

25 substantially half in the Iegrest 110 and switched from 
the bed state to the reclining state. 
[0203] To switch the bed state directly to the substan- 
tially upright normal state, mode selection may be per- 
formed and the bed switch may be operated. 

30 [0204] In this case, the backrest 70 does not stop tem- 
porarily at the reclining position, but pivots to restore the 
substantially upright state. 

[0205] The Iegrest 1 1 0 also pivots downward to hang, 
and the footrest 1 30 is completely accommodated in the 

35 Iegrest 110. 

[0206] As a result, the bed state is switched directly 
to the substantially upright normal state. 
[0207] To switch the substantially upright normal state 
directly to the bed state as well, mode selection may be 

40 performed and the bed switch may be operated. 

[0208] In this case, the backshell driving unit 1 00 per- 
forms driving operation first to incline the backrest 70 by 
a predetermined angle. Then, the Iegrest driving unit 
1 20 performs driving operation to set the Iegrest 1 1 0 and 

45 footrest 130 in the substantially horizontal state. 

[0209] After that, the seat portion driving unit 60 per- 
forms driving operation to move the seat portion 15 for- 
ward, so that the backrest 70 is further inclined back- 
ward largely and is set in the substantially horizontal 

50 state. 

[0210] As a result, the backrest 70, seat portion 15, 
Iegrest 1 1 0, and footrest 1 30 become substantially flush 
with each other to switch the substantially upright nor- 
mal state to the substantially horizontal bed state. 
55 [0211] In this manner, in the seat 3 according to the 
present invention, the seat portion 1 5 is supported to be 
able to move back and forth by the slide mechanism 38. 
When the backrest 70 is inclined to be switched from 
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the reclining state to the substantially horizontal bed 
state, the seat portion 15 can be pulled out forward by 
a predetermined stroke. 

[021 2] The seat portion 1 5 need not be supported by 
legs having casters or a trolley, and rails for casters need 
not be installed, so that the space under the seat portion 
15 can be utilized effectively. 

[021 3] Therefore, the seat portion driving unit 60 and 
legrest driving unit 120 can be formed to have a simple 
structure, so that the number of components and the 
number of assembling steps can be reduced. 
[0214] The seat portion driving unit 60 and legrest 
driving unit 120 can be mounted easily. 
[0215] The seat portion 15 and slide mechanism 38 
are not in contact with the floor surface. Even when the 
seat portion 1 5 moves, it does not damage the floor sur- 
face or the carpet extended on the floor. 
[0216] The slide mechanism 38 is constituted by the 
guide members 51, sliders 53, and intermediate slider 
54, and is disposed in the space between the bulkhead 
1 3 and slide frame 33. The slide mechanism 38 accord- 
ingly does not influence mounting of other mechanisms 
and members, or the passenger. A seat whose seat por- 
tion 15 has a large motion stroke, can be obtained. 
[0217] The seat 3 can be switched among the three 
states, i.e., the normal substantially upright state, the 
reclining state, and the bed state. During a long-time 
flight, the passenger cannot only be seated but can lie 
back, or can lie to take sleep. As a result, the passenger 
can have spare room and feel comfortable. 
[0218] In this embodiment, the pair of front and rear 
pipes 11 are fixed to the seat tracks 10, and the pair of 
right and left bulkheads 13 are set upright on the pipes 
1 1 to oppose each other to be parallel to each other. The 
present invention is not limited to this embodiment at all, 
but can be applied to a seat in which a seat portion 15 
is disposed on a leg member, having four legs, to be 
movable back and forth. 

[0219] In this embodiment, the slide mechanism 38 is 
constituted by the guide members 51 , the sliders 53, and 
the intermediate slider 54 interposed between the slid- 
ers 53 and guide members 51. However, the present 
invention is not limited to this embodiment. If the motion 
stroke of the seat portion 15 is short, the slide mecha- 
nism 38 may be constituted by guide members and slid- 
ers. 

[0220] In this manner, according to this embodiment, 
the backshell 90 can protect the passenger's privacy 
and improve the safety of the walker walking the aisle. 
[0221] More specifically, when the backrest 70 is in- 
clined through the maximum angle to be set in the sub- 
stantially horizontal state, the backshell 90 is inclined to 
the reclining position to cover the rear side and two sides 
of the backrest 70. When the passenger lies on the seat 
3, he cannot be easily seen from other passengers. The 
privacy of the passenger lying on the seat 3 can thus be 
protected. 

[0222] Usually, the backshell 90 is located behind the 



backrest 70 and does not cover its two sides. The pas- 
senger does not feel blocked or isolated but can feel 
comfortable. 

[0223] Even when the backshell 90 is switched from 
5 the substantially upright normal state to the inclined re- 
clining state, its height does not largely change. The 
crew or passengers walking the cabin aisle can walk 
while touching the backshell 90 with a natural walking 
posture. 

[0224] Even if the fuselage pitches or rolls, the crew 
or passengers will not fall down. 
[0225] The seat can be inclined with a small moving 
amount so it does not make the back-seat passenger 
feel uncomfortable. 

[0226] After the legrest 110 pivots upward to be com- 
pletely set in the substantially horizontal state, the seat 
portion 1 5 is actuated to move forward. Even if luggage 
or the like is placed on the floor surface in front of the 
seat 3, the legrest 110 does not abut against it to break 
it, or the legrest 110 will not be broken down. 
[0227] The backrest 70 is inclined interlocked with the 
backshell 90, so that it is set in the reclining state. After 
that, when the seat portion 1 5 moves forward, the back- 
rest 70 moves forward in the interlocked manner to the 
seat portion 15, while it is further inclined largely, so that 
it is set in the substantially horizontal state. Hence, in 
terms of human engineering, the backrest 70 has sta- 
bility during motion. 

[0228] The seat 3 can be switched among the three 
states, i.e., the normal substantially upright state, the 
reclining state, and the bed state. During a long-time 
flight, the passenger cannot only be seated but can lie 
back, or can lie to take sleep. As a result, the passenger 
can have spare room and feel comfortable. 
[0229] In this manner, according to this embodiment, 
the pair of front and rear pipes 11 are fixed to the seat 
tracks 10 installed on the floor surface, and the pair of 
right and left bulkheads 13 are set upright on the pipes 
1 1 to oppose each other to be parallel to each other. The 
seat portion driving unit 60, the legrest driving unit 1 20, 
and furthermore the backshell driving unit 100 can be 
disposed in the space between the seat portion 15 and 
pipes 11 by using the pipes 11 . 
[0230] Therefore, the seat portion driving unit 60, 
backshell driving unit 100, and legrest driving unit 120 
can be mounted easily and installed to be separate from 
the floor surface. 

[0231] Since the pipes 11 are used as the connecting 
members for connecting the right and left bulkheads 1 3, 
the mounting strength of the seat 3 can be increased. 
[0232] In this case, of the pair of bulkheads 13, only 
their lower end sides are firmly fixed to the pipes 11 , and 
their upper end sides are not connected to each other. 
Since the gap between the upper ends of the bulkheads 
13 is held constant by the slide frames 33 of the seat 
portion 1 5, the frames 73 of the backrest 70, the frames 
91 of the backshell 90, the pivot shaft 95, and the like, 
the bulkheads 1 3 can sufficiently stand an external force 
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applied from aside. 

[0233] In this embodiment, the backshell 90 is provid- 
ed to protect the passenger's privacy. The backshell 90 
is inclined by the backshell driving unit 100, and the 
backrest 70 is inclined interlocked manner with the 
backshell 90. In a seat not having a backshell 90, its 
backrest 70 may be inclined directly by the backshell 
driving unit 100. 

[0234] In this case, if the backshell driving unit 100 is 
disposed in a space under the seat portion 15 by using 
the pipes 1 1 , the space behind the seat 3 can be utilized 
effectively. 

[0235] The seat 3 can be switched among the three 
states, i.e., the normal substantially upright state, the 
reclining state, and the bed state. During a long-time 
flight, the passenger cannot only be seated but can lie 
back, or can lie to take sleep. As a result, the passenger 
can have spare room and feel comfortable. 
[0236] While the seat 3 is in the bed state, the back- 
shell 90 covers the rear side and two sides of the back- 
rest 70. The passenger thus cannot be easily seen from 
other passengers, so that the passenger's privacy can 
be protected. 

[0237] As a resu It, the passenger can feel more com- 
fortable. Even in the bed state, the backshell 90 is in- 
clined backward only slightly, so it does not make the 
back-seat passenger feel uncomfortable. 
[0238] The side console 5 has the storage section 6 
opening backward. The back-seat passenger can store 
his luggage in the storage section 6 and can place his 
legs in it when he lies back. 

[0239] As a result, the distance between the front and 
rear seats can be relatively decreased. 
[0240] In this embodiment described above, the 
present invention is applied to the first-class seat 3 hav- 
ing the backshell 90, legrest 110, and footrest 130. The 
present invention is not limited to this embodiment at all, 
but can be similarly applied to a first-class seat not hav- 
ing a backshell 90, and a business-class or economy- 
class seat not having a backshell 90, legrest 110, and 
footrest 1 30. 

[0241] The present invention is not limited to a single- 
type seat, but can also be applied to a seat in which a 
plurality of seats are integrally connected to each other 
with pipes 11 , in place of side consoles 5. 
[0242] In this embodiment, the seats are installed ob- 
liquely with respect to the center line of the fuselage so 
that they are directed to the nose when the passengers 
are seated. However, the present invention is not limited 
to this, but the seats can be installed to face the fuselage 
wall. Alternatively, the seats may be installed to be per- 
pendicular to the center line of the fuselage such that 
they are parallel to each other. 
[0243] In the embodiment described above, the seat 
3 has the backshell 90 that can be inclined freely. How- 
ever, the seat 3 can have a backshell 90 which cannot 
be inclined but is fixed. 

[0244] As has been described above, in the aircraft 



seat apparatus according to the present invention, the 
seat portion is supported to be able to move back and 
forth by the slide mechanism. When switching the back- 
rest from the reclining state to the substantially horizon- 
5 tal bed state, the seat portion can be pulled out forward 
by a predetermined stroke. 

[0245] Since the seat portion need not be supported 
by legs having casters or a trolley, no rails for casters 
need be mounted. The space under the seat portion can 

10 be utilized widely, and the seat portion driving unit and 
the legrest driving unit can be formed to have a simple 
structure, thereby reducing the number of components 
and the number of assembling steps. 
[0246] These driving units can be mounted easily. 

'5 [0247] Regarding the seat portion and the slide mech- 
anism, they are not in contact with the floor surface. 
Even when the seat portion moves, it does not damage 
the floor surface or the carpet extended on the floor. 

20 

Claims 

1 . An aircraft seat apparatus installed in a cabin (2) of 
an aircraft (1), characterized by comprising: 

25 

a seat portion (1 5) movable in a back-and-forth 
direction; 

a slide mechanism (38) supporting said seat 
portion to be movable in the back-and-forth di- 
30 rection; 

a leg member supporting said slide mechanism 
to form a space under said seat portion together 
with said seat portion and fixed to a cabin floor 
member; and 

35 a seat portion driving unit (60) arranged under 

said seat portion to move said seat portion in 
the back-and-forth direction. 

2. An apparatus according to 1 , further comprising po- 
sition adjusting means (11, 12), formed between 
seat tracks (10) and said leg member, for adjusting 
a mounting position of said leg member in a direc- 
tion intersecting an extending direction of said seat 
tracks, said seat tracks constituting said cabin floor 

4S member, extending on a cabin floor surface in a lon- 
gitudinal direction of a fuselage, and arranged side 
by side to be separated from each other in a direc- 
tion intersecting the longitudinal direction. 

50 3. An apparatus according to claim 2, wherein said po- 
sition adjusting means comprises 

a plurality of pipes (11) extending to intersect 
the back-and-forth direction, arranged in the 
55 back-and-forth direction to be parallel to each 

other, and fixed to said plurality of seat tracks 
to intersect said plurality of seat tracks, and 
mounting means for adjustably mounting said 
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leg member to said pipes. 

4. An apparatus according to any one of claims 1 to 3, 
wherein said leg member comprises two side sup- 
port members (13) extending in the back-and-forth 
direction and arranged side by side to be separated 
from each other in a direction perpendicularly inter- 
secting the back-and-forth direction to oppose each 
other. 

5. An apparatus according to any one of claims 1 to 4, 
wherein said slide mechanism comprises 

sliders (53) fixed to slide frames (73) for guiding 
said seat portion in the back-and-forth direc- 
tion, 

an intermediate slider (54) supporting said slid- 
ers to be movable in the back-and-forth direc- 
tion, and 

a guide member (51 ) fixed to said leg member 
and supporting said intermediate slider to be 
movable in the back-and-forth direction. 

6. An apparatus according to any one of claims 1 to 5, 
wherein said seat portion driving unit is arranged at 
a position separate from a cabin floor surface under 
said seat portion and adjacent to said slide mecha- 
nism. 

7. An apparatus according to any one of claims 1 to 6, 
wherein said seat portion driving unit comprises 

a driving section (61) having a torque supply 
point at a position in a front portion of a space 
under said seat portion and adjacent to a por- 
tion below said slide mechanism, and 
a rod (62) which is connected to a front portion 
of said slide frames that guide said seat portion 
in the back-and-forth direction and which 
moves in the back-and-forth direction through 
said torque supply point in response to driving 
operation of said driving section. 

8. An apparatus according to any one of claims 1 to 7, 
wherein 

said seat portion has a bottom frame (40) sup- 
ported at a front portion of said slide frames to 
be vertically pivotal about lower portions of front 
sides of said slide frames as a fulcrum, and 
said bottom frame has engaging means (44) 
engageable with guide means (43) extending 
in the back-and-forth direction and provided to 
said leg member, and when said engaging 
means moves along said guide means in ac- 
cordance with movement of said slide frames, 
said bottom frame vertically pivots about said 
fulcrum as a center. 



9. An apparatus according to any one of claims 1 to 8, 
wherein 

said apparatus has a legrest (110) provided to 
5 a front portion of said seat portion and support- 

ed to be vertically pivotal about a rear portion 
thereof as a fulcrum, and 
when said seat portion is located at a rear po- 
sition, said legrest is folded downward, and 
10 when said seat portion is to move forward, said 

legrest pivots upward in advance about said ful- 
crum as a center to a substantially horizontal 
position. 

J 5 10. An apparatus according to any one of claims 1 to 9, 
wherein said apparatus further comprises 

a legrest (110) supported at a front portion of 
said seat portion to be vertically pivotal about a 

20 rear portion thereof as a fulcrum, 

a backrest (70) having a lower end connected 
to said seat portion and inclined from a substan- 
tially upright state to a substantially horizontal 
state through a reclining state, and 

2S a backshell (90) provided behind said backrest 

to be able to be inclined and formed to be lower 
than a height of said backrest when said back- 
rest is in one of the substantially upright state 
and the reclining state, and 

30 when said backrest is inclined by a maximum 

angle to become substantially horizontal, said 
backshell is inclined and held at a reclining po- 
sition such that an upper surface height thereof 
is higher than said backrest. 

35 

11. An apparatus according to claim 10 or 11, wherein 
when a mode of setting said backrest and said 
legrest in a bed state is selected, control operation 
is performed so that said backrest is set in the re- 

40 dining state and then said backrest and said seat 
portion move forward from the reclining state, and 
prior to forward movement of said seat portion, said 
legrest pivots upward to be set in the substantially 
horizontal state. 

45 

12. An apparatus according to claim 10, wherein 

said backrest can be inclined from the substan- 
tially upright state to the substantially horizontal 

50 state through the reclining state and has said 

backshell therebehind, and 
said backshell is formed so as to cover a rear 
side of said backrest when said backrest is held 
in the substantially upright state, and a rear side 

55 and two sides of said backrest when said back- 

rest is inclined to be set in the substantially hor- 
izontal state. 



Patent provided by Sughrue^RJion, PLLC - http://www.sughrue.com 



25 



EP 0 957 025 A2 



26 



13. An apparatus according to claim 3, wherein 

said apparatus further comprises a side con- 
sole (5) arranged adjacent to said seat portion, 
and s 
said side console is fixed to each of said pipes. 

14. An apparatus according to claim 3, wherein each of 
said pipes has an extension (IIA) for fixing another 
seat apparatus arranged adjacent to said seat por- 10 
tion. 



15. An aircraft seat apparatus installed in a cabin (2) of 
an aircraft (1), characterized by comprising: 

75 

a plurality of seats (3) arranged in said cabin to 
be adjacent to each other; and 
position adjusting means (11, 12), formed be- 
tween seat tracks (10) and leg members of 
each of said seats, for adjusting a mounting po- 20 
sition of said leg member of each of said seats 
in a direction intersecting an extending direc- 
tion of said seat tracks, said seat tracks consti- 
tuting said cabin floor member, extending on a 
cabin floor surface in a longitudinal direction of 2$ 
a fuselage, and arranged side by side to be sep- 
arated from each other in a direction intersect- 
ing the longitudinal direction, 
each of said seats including 
a seat portion (1 5) movable in a back-and-forth 30 
direction, 

a slide mechanism (38) supporting said seat 
portion to be movable in the back-and-forth di- 
rection, 

said leg member supporting said slide mecha- 35 
nism to form a space under said seat portion 
together with said seat portion and fixed to a 
cabin floor member, and 
a seat portion driving unit (60) arranged under 
said seat portion to move said seat portion in *o 
the back-and-forth direction, and 
said position adjusting means including a plu- 
rality of pipes (11) extending to intersect the 
back-and-forth direction, arranged in the back- 
and-forth direction to be parallel to each other, 45 
and fixed to said plurality of seat tracks to inter- 
sect said plurality of seat tracks, and mounting 
means for adjustably mounting said leg mem- 
ber to said pipes. 
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FIG. 10B 
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